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The Iceland Plume

Allen (2001)
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The Spectral-Element Method

» Developed 15 years ago in Computational
Fluid Dynamics

» Accuracy of a pseudospectral method
- Flexibility of a finite-element method



The Challenge of the Globe

A slow, thin, highly variable crust

- Sharp radial discontinuities

» Fluid-solid boundaries

» Anisotropy

» Attenuation

- Ellipticity, topography & bathymetry
» Rotation

+ Self-gravitation
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Equations of Motion (Solid)

Differential or strong form:
p8s =V  -T+f

Integral or weak form:

/pW'6?Sd3P:—/VW:Td3r

+ M : Vw(rs) S(t) — w - T -nd’r
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Equations of Motion (Fluid)

Strong form:
poyv =—Vp op=—xKV- v

Define p = 9,y. Weak form:

/m'lfwﬂfxd3r= —/,O'IVw-de:;r
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Lagrange Polynomials
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Mantle Model
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Ellipticity
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Oceans
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* 640 nodes

* 16 GB of memory per
node, 10 TB of
distributed memory

* 8 processors per
node, 5120 total

Collaboration with Seiji Tsuboi
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Relative Importance of
Crust and Mantle Structure



India Station: BILL LHT

Azimuth: 23.327°

Crust and Mantie
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Source Directivity
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Earth Simulator
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Earth Simulator
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Conclusions

- Importance of the crustal model.
Finite-source models for large events.

+ Global simulations accurate up to 5 seconds
now feasible on the EarthSimulator.
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